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Abstract. Malaria case management in Africa is characterized by presumptive treatment and substantial overtreat-
ment. We evaluated an integrated team-based training program on malaria case management. Surveillance data 120 days
before and after training were compared at eight health facilities in Uganda. After training, the proportion of patients
with suspected malaria referred for blood smears increased from 38.3% to 54.6% (P 0.04) in persons < 5 years of age
years and from 34.1% to 53.4% (P  0.02) in those  5 years of age. The proportion of patients with negative blood
smears prescribed antimalarial drugs decreased from 47.9% to 19.6% (P < 0.001) in persons < 5 years of age and from
38.8% to 15.6% (P < 0.001) in those  5 years of age. Training did not improve the proportion of patients with positive
blood smears prescribed antimalarial drugs, the proportion of patients prescribed appropriate antimalarial drugs, or the
diagnostic accuracy of microscopy. Integrated team-based training may improve malaria case management and reduce
the number of unnecessary antimalarial treatments.
INTRODUCTION
In Uganda and other parts of Africa, presumptive treat-
ment of malaria is common practice.1,2 In many facilities,
supplies and staff for good-quality laboratory diagnosis are
not available. Even where diagnostic capabilities exist, studies
have found that health workers often do not request a diag-
nostic test for patients suspected to have malaria.3,4 When
tests are requested, health workers often ignore the results, pre-
scribing antimalarial drug treatment despite a negative test re-
sult.2–5 In addition, when antimalarial treatment is prescribed,
the prescription is not always for an appropriate regimen.6
Presumptive treatment was accepted and even encouraged
in official guidelines when older, inexpensive antimalarial
drugs such as chloroquine were widely effective. In addition,
the anti-inflammatory properties of chloroquine may effec-
tively manage other non-malarial febrile conditions. How-
ever, in many settings, empiric treatment results in substantial
overuse of antimalarial drugs and delays in the diagnosis of
other febrile illnesses.2,7–9 For example, bacteremia is an im-
portant, treatable cause of fever and coma resembling ma-
laria.10 Inappropriate use of antimalarial drugs is increasingly
problematic because older antimalarial drugs are replaced by
new artemisinin-based combination therapies (ACTs) that
are more costly, in limited supply, and have less established
safety records.11,12 The need for improved malaria case man-
agement in sub-Saharan Africa is recognized as a public
health issue requiring urgent attention.13–15
Most countries in sub-Saharan Africa have recently
changed their antimalarial drug treatment policies, adopting
ACTs as the recommended treatment of uncomplicated ma-
laria. The widespread implementation of these new highly
effective drugs provides an important opportunity to substan-
tially improve the treatment of malaria. However, it is im-
perative that these drugs are used rationally to maximize their
impact. Training of health workers and improving diagnostic
capabilities have been identified as potential avenues for im-
proving malaria case management. The results of observa-
tional studies suggest a need for more integrated training ap-
proaches6 and supportive supervision.16 However, recent in-
tervention studies highlight the challenges faced in changing
in health workers’ diagnostic and prescribing practices.5
In response to concerns about the need for improved case
management in Uganda, we designed and prospectively
evaluated a training curriculum for health workers at facilities
with existing laboratory services. The Malaria Control Pro-
gram (MCP) of the Uganda Ministry of Health recommends
diagnostic testing for malaria at all sites with a functional
laboratory. We evaluated the impact of the training on the
quality of case management in eight health facilities approxi-
mately one year after the implementation of artemether-
lumefantrine as the recommended first-line treatment for un-
complicated malaria. Outcomes were measured using an ex-
isting targeted surveillance system that captures data on outpa-
tient demographics, diagnoses, and treatments prescribed.
METHODS
Study sites and population. The training intervention was
implemented at eight sentinel sites that were established in
1998 by the Uganda Ministry of Health. Sites were selected to
represent the diversity of geography and malaria transmission
intensity in Uganda (Table 1). All sites are government-run
health centers IV, with the exception of Kabale, which is a
regional referral hospital, and all have a functional laboratory
with microscopy services. At the time of this study, rapid
diagnostic tests were not in use at any of the sites. Health
centers IV have a catchment population of approximately
100,000 people and are typically staffed by one medical of-
ficer, two clinical officers, five nurses, five midwives, four
nursing assistants, one dental officer, one laboratory techni-
cian, one laboratory assistant, one records officer, one health
educator, and one health assistant. Kabale regional referral
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hospital has a catchment population of approximately two
million persons and a larger staff. Health care services are
provided free of charge at all centers.
Malaria surveillance system. The Uganda Malaria Surveil-
lance Project (UMSP) and the MCP established an on-going
malaria surveillance system at the selected sentinel sites be-
ginning in 2006. The system strengthens data collection by
providing standardized registers to record patient demo-
graphics, laboratory results, diagnoses, and treatments pre-
scribed for all patients presenting to the sentinel sites. The
UMSP staff visit the health facilities on a monthly basis for
supervision, collection of data, and provision of feedback to
staff about data collected in previous months.
Training intervention. The aim of the training was to im-
prove health workers’ performance of clinical and laboratory
tasks relevant to malaria case management, and to encourage
a shared understanding of the management approach and the
role of each staff member. The curriculum and training ma-
terials were developed and delivered through the Joint
Uganda Malaria Training Program (JUMP), a partnership
between UMSP and the Infectious Diseases Institute (IDI) of
Makerere University. The course was team-based and tar-
geted three categories of staff typically working in health fa-
cilities in Uganda: clinicians (medical officers, clinical officers,
nurses, and midwives), laboratory staff, and records clerks.
The course includes both didactic and practical hands-on ses-
sions. Training modules include information on malaria trans-
mission and epidemiology, Uganda malaria policy, medical
ethics, clinical management of malaria, preparation of blood
smears, microscopy skills, and medical record keeping. The
modules on clinical management of malaria included a session
on management of patients with fever but with a negative
blood slide for malaria parasites. Details are available at
http://www.idi.ac.ug/resources/JUMPCurriculum.pdf and
http://www.muucsf.org/publications/Training_materials.asp).
To ensure consensus among key stakeholders and cohesion
with national case management guidelines, the training ma-
terials were developed through an iterative process with input
from many sources. Existing resource materials and guidelines
issued by the Uganda Ministry of Health, the World Health
Organization, including the Integrated Management of Child-
hood Illness (IMCI) strategy, and other training and public
health institutions were reviewed. A curriculum development
specialist led the process in which training modules were written
by experts in malaria epidemiology, laboratory diagnosis, and
antimalarial treatment, and were edited by colleagues with field
and training experience. Two national stakeholders’ meetings
were held to formally review and revise subsequent curriculum
drafts, informed by pilot trainings of 50 health workers. The final
curriculum and training materials were approved by Uganda’s
National Malaria Case Management Technical Working Group,
the MCP, and other stakeholders in Uganda.
Each site was visited by the JUMP team prior to training as
part of a baseline needs assessment. A total of 170 health
workers received training from the 8 sentinel site health fa-
cilities from December 2006 through June 2007 (Table 1).
Training consisted of a six-day course conducted at the IDI
and UMSP core facilities at Mulago Hospital in Kampala. To
minimize disruption of patient services, the staff at each
health facility was divided into two groups and trained in two
back-to-back week-long sessions. Trainees were assessed for
learning attainment in terms of knowledge, skills, and atti-
tudes through performance on written pre-test and post-test,
participation in clinical and case discussions, and attendance
of at least 90% of the sessions. Two follow-up support super-
vision visits approximately 6 and 12 weeks after the initial
training course were conducted at the sentinel sites by JUMP
team members to reinforce training messages, assess skills,
and provide individual feedback.
Microscopy and quality control. We compared the diagnos-
tic accuracy of field microscopy before and after training us-
ing expert microscopy as the gold standard. Thick blood
smears were collected from 1,000 consecutive patients re-
ferred to the laboratory prior to training and 500 consecutive
patients referred to the laboratory approximately one month
after training. Thick blood smears were stained with 10%
Giemsa for 10 minutes and read by health facility staff as part
of their usual practice. Thick blood smears were fixed and
subsequently sent to a central laboratory in Kampala, Uganda
for reading by expert microscopists who were blinded to field
results. Asexual parasitemia of any level was reported as a posi-
tive smear, and smears were considered negative if the exami-
nation of 100 high-power fields did not show asexual parasites.
When results of the field reading and the first expert reading
were discrepant, smears were reviewed by a second expert mi-
croscopist. Results were considered final if the first and second
expert readings agreed. If the first and second expert readings
were discordant the tie was broken by a third expert reader.
TABLE 1
Characteristics of study sites and patient encounters, Uganda*
Entomologic inoculation rate17,18
Study site
Kabale Kamwezi Kihihi Walukuba Kyenjojo Omugo Nagongera Aduku Total
< 1 NA 6 6 7 397 562 1586
Last date of training 12/2/2006 12/20/2006 12/20/2006 6/9/2007 3/31/2007 2/14/2007 6/9/2007 2/14/2007
Characteristics of patient encounters
No. patient encounters
Pre-training 9,672 5.885 9,651 9,091 6,246 6,479 7,402 4,922 59,348
Post-training 14,060 8,760 9,948 8,772 6,268 7,515 6,868 5,514 67,705
Age < 5 years
Pre-training, no. (%) 1,476 (15) 870 (15) 3,218 (33) 2,385 (26) 1,232 (20) 1,877 (29) 2,338 (32) 1,397 (28) 14,793 (25)
Post-training, no. (%) 2,326 (17) 1,478 (17) 3,270 (33) 2,072 (24) 1,138 (18) 2,464 (33) 2,112 (31) 1,648 (30) 16,508 (24)
Blood smear positive†
Pre-training, no. (%) 229 (21) 225 (39) 1,491 (34) 1,233 (54) 391 (35) 449 (43) 287 (33) 320 (62) 9,870 (47)
Post-training, no, (%) 290 (12) 90 (12) 1,770 (33) 2,283 (57) 650 (35) 257 (33) 373 (39) 575 (54) 4,323 (31)
* NA  not available.
† Denominator includes those in whom a blood smear was obtained
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Data management and statistical analysis. Individual pa-
tient-level surveillance data were entered into a centralized
database using Access (Microsoft Corporation, Redmond,
WA). Statistical analysis was done using Stata version 10
(Stata, College Station, TX). For analysis of microscopy data
at individual sites, the sensitivity and specificity of field mi-
croscopy (with expert microscopy as the gold standard) for
pre-training (n  1,000) and post-training (n  500) blood
smears were compared using the chi-square test. We com-
pared surveillance data collected 120 calendar days prior to
the last day of training with data collected 120 calendar days
after the last day of training for the following four outcome
measures: 1) proportion of patients suspected of having ma-
laria who were referred for microscopy; patients suspected of
having malaria were defined as any patient sent for micros-
copy or any patient not sent for microcopy and given a clinical
diagnosis of malaria; 2) proportion of patients with a positive
blood smear who were prescribed antimalarial treatment; 3)
proportion of patients with a negative blood smear who were
prescribed antimalarial treatment; and 4) proportion of pa-
tients prescribed antimalarial treatment whose prescription
included an appropriate regimen. An appropriate regimen
was defined as the government’s recommended first-line
treatment, artemether-lumefantrine, or the second-line treat-
ment, quinine.
Two analyses were conducted for each of the outcome vari-
ables: 1) analysis of individual sites, and 2) summary analysis
of all sites in which the site was the unit of analysis. For
analysis of individual sites, the unit of analysis was one work-
ing day rather than the patient. Surveillance data were not
available on the name of the patient or the provider. Conse-
quently, it was not possible to perform the analysis with hi-
erarchical models that adjust for potential repeated observa-
tions of the same patient and same clinician. In particular, the
providers at a facility on a given day may have had a practice
style that was similar across patients leading to autocorrela-
tion. To adjust for autocorrelation with available information,
data were aggregated and weighted by the number of patients
seen each day using survey estimation to compute means and
the Wald test for hypothesis testing of pre-training and post-
training comparisons. The issue of autocorrelation did not
arise in the summary analysis with the site as the unit of
analysis. A single proportion was computed for an outcome
for all of the patients pre-training and a second proportion for
all of the patients post-training at each site. The eight pre-
training proportions were then compared with the eight post-
training proportions using the paired sample t-test. All analy-
ses were stratified a priori for patients < 5 years of age and
patients  5 years of age. A P value < 0.05 was considered
statistically significant.
RESULTS
Study sites. This analysis includes surveillance data from
the 8 sites for periods of 120 days before and after training.
Table 1 shows baseline characteristics of the sites, including
the range of transmission intensity, number of patients seen,
and proportion of blood smears positive. These sites vary
widely in malaria endemicity, ranging from Kabale, a high-
land area with low transmission to three sites where transmis-
sion intensity is holoendemic, and the entomologic inocula-
tion rates have been estimated to be more than one infective
bite per person per day.17,18 Prior to training the average
number of patients seen per working day ranged from 55 to
114 across the 8 sites. After training, the average number of
patients seen per working day was similar, except in Kabale
and Kamwezi, where the number of patients seen increased
significantly. The proportion of patients < 5 years of age
ranged from 15% in the lowest transmission site to 20–33% in
the higher transmission sites prior to training and did not
change significantly after training. Prior to training, the pro-
portion of blood smears read as positive ranged from 21% in
the lowest transmission sites to 62% in the highest transmis-
sion site, which did not change significantly after training,
except in Kabale and Kamwezi. At those sites, an indoor
residual spraying program was implemented shortly after
training, which is likely to have contributed to the decrease in
positive blood smears.
Diagnostic accuracy of field microscopy. As shown in Table
2, the sensitivity of field microscopy, i.e., correctly identifying
the presence of malaria parasites, was relatively high before
training (greater than 85% at 5 of 7 sites) and did not improve
significantly after training. One site had a non-significant im-
provement in sensitivity from 66.7% to 85.7% and two sites
had a significant decrease in sensitivity. The specificity of field
microscopy, i.e., correctly reading a blood smear as negative,
was also high before training (greater than 90% at 5 of 7 sites)
and did not improve significantly after training (with a signif-
icant decrease in specificity at one site, Nagongera).
Proportion of patients suspected of having malaria referred
for microscopy. The proportion of patients suspected of hav-
ing malaria referred for microscopy increased after training at
all sites, with the exception of Omugo (Figure 1). When re-
sults for individual sites were considered, the increase was
statistically significant for patients < 5 years of age at 3 of the
8 sites and for patients  5 years of age at 5 of the 8 sites.
TABLE 2
Diagnostic accuracy of field microscopy before and after training, Uganda*
Study site†
Sensitivity, % (95% CI)
P
Specificity, % (95% CI)
PPre-training Post-training Pre-training Post-training
Kabale 66.7 (49.8–80.9) 85.7 (71.5–94.6) 0.07 92.5 (90.7–94.1) 94.0 (91.4–96.0) 0.32
Kihihi 91.5 (88.1–94.1) 91.9 (87.2–95.3) 0.85 96.9 (95.2–98.1) 94.7 (91.5–96.9) 0.10
Walukuba 85.2 (80.4–89.2) 72.7 (59.0–83.9) 0.03 81.9 (78.9–84.6) 84.0 (80.3–87.3) 0.34
Kyenjojo 89.7 (86.5–92.3) 84.0 (77.8–89.0) 0.05 93.0 (90.5–94.9) 95.6 (92.7–97.6) 0.11
Omugo 93.5 (90.7–95.6) 94.9 (88.6–98.3) 0.82 90.9 (88.2–93.1) 88.7 (85.1–91.7) 0.27
Nagongera 79.1 (74.6–83.0) 85.4 (70.8–94.4) 0.34 90.0 (87.3–92.2) 78.8 (74.8–82.5) < 0.001
Aduku 97.7 (96.3–98.6) 88.2 (82.6–92.4) < 0.001 83.2 (77.7–87.8) 88.9 (84.8–92.1) 0.06
* CI  confidence interval.
† Data are not available for the eighth site (Kamwezi).
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Pre-training, Kihihi was the only site where more than 50% of
patients suspected to have malaria in both age groups were
sent to the laboratory; post-training, this benchmark was met
at 5 of the sites for patients < 5 years of age and at 4 of the
sites for patients  5 years of age. With the site as the unit of
analysis, the proportion increased from 38.3% pre-training to
54.6% post-training for patients < 5 years of age (P  0.04)
and from 34.1% to 53.4% for patients  5 years of age (P
0.02).
Treatment practices. Most patients with a positive blood
smear were prescribed antimalarial drugs at all the sites prior
to training (range for patients < 5 years of age 92.1–97.8%;
range for patients  5 years of age  83.3–95.3%), and no
significant changes were seen after training (Figure 2). With
the site as the unit of analysis, the proportion increased from
95.0% pre-training to 96.7% post-training for patients < 5
years of age (P 0.06) and from 90.4% to 90.8% for patients
 5 years of age (P  0.87). A relatively high proportion of
patients with negative blood smears were prescribed antima-
larial drugs at all of the sites prior to training (range for
patients < 5 years of age  30.7–77.7%; range for patients
 5 years of age  26.6–68.8%). After training, the propor-
tion of patients with negative smears who were prescribed
antimalarial treatment decreased at all sites, for both age
groups (Figure 3). When results for individual sites were con-
sidered, the decrease was statistically significant for patients
< 5 years of age at 6 of the 8 sites and for patients  5 years
of age at 7 of the 8 sites. With the site as the unit of analysis,
the proportion decreased from 47.9% pre-training to 19.6%
post-training for patients < 5 years of age (P < 0.001) and
from 38.8% to 15.6% for patients 5 years of age (P < 0.001).
Prior to training, the proportion of patients prescribed an-
timalarial drug treatment whose prescription included an ap-
propriate regimen ranged widely from 73.1% to 96.6% in
patients < 5 years of age and from 40.0% to 98.7% in patients
 5 years of age. After training, results were mixed across the
sites with statistically significant improvements at 2 of the 8
sites in patients < 5 years of age and at 4 of the 8 sites in
patients  5 years of age (Figure 4). The remainder of the
comparisons were not significant, with the exception of
Aduku where there was a significant decrease in the propor-
tion of patients prescribed appropriate therapy. With the site
FIGURE 1. Proportion of patients suspected of having malaria who were referred for microscopy, stratified by site and age group.
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as the unit of analysis, the proportion of patients prescribed
antimalarial treatment whose prescription included an appro-
priate regimen increased from 86.3% pre-training to 89.0%
post-training (P 0.39) for patients < 5 years of age and from
78.6% to 79.5% for patients  5 years of age (P  0.86).
DISCUSSION
With the widespread implementation of ACTs in Africa,
there is a critical need for improved malaria case manage-
ment,19 with a greater emphasis on treatment based on labo-
ratory confirmation.20 Several studies from Africa have re-
ported that less than 50% of patients suspected of having
malaria undergo diagnostic testing even when these services
are available.3,11,21 Another common practice is the failure
to use the results of diagnostic testing rationally when mak-
ing treatment decisions. Studies across a wide range of epi-
demiologic settings from Kenya, Tanzania, and Zambia
have documented that 35–79% of patients with a negative
diagnostic test result were still prescribed antimalarial drug
therapy.3,4,21,22 Improved training of health workers in Africa
will be essential to promote the rational use of ACTs and
extend the lifespan of these highly effective drugs.
To the best of our knowledge, there are relatively few pub-
lished studies evaluating the impact of training on malaria
case management. A prospective study in Guinea-Bissau
found reduced mortality after a training and implementation
of standardized guidelines for malaria management in a hos-
pital setting.23 A survey study of the impact of IMCI training
in Uganda noted significant associations between training and
health workers’ demonstrated ability to correctly classify chil-
dren’s illnesses, to provide correct treatment of those requir-
ing an antibiotic or antimalarial, and to advise caregivers ef-
fectively.24 Other studies that have considered training as a
factor in quality of case management illustrate the challenges
in altering health workers’ diagnostic and prescribing prac-
tices. In Tanzania, malaria rapid diagnostic tests were intro-
duced with a basic training course, but this intervention did
not lead to a reduction in overuse of antimalarial drugs.5
However, a retrospective assessment found a significant de-
FIGURE 2. Proportion of patients with a positive blood smear who were prescribed antimalarial treatment, stratified by site and age group.
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crease in malaria over-diagnosis associated with a sustained
training and supportive supervision effort.16 Pariyo and oth-
ers also highlighted the importance of follow-up visits, finding
that the quality of care was higher at facilities with at least one
supervision visit every six months compared with other facili-
ties.24 In summary, earlier studies demonstrate that case man-
agement training may lead to improvements in health care,
although challenges remain in optimizing the impact of such
training efforts.
The results of this study confirm the potential for training
to effect significant improvements in some areas of malaria
case management across sites that represented a wide range
of malaria transmission intensities. Particularly encouraging
are the increase in the proportion of patients suspected of
having malaria referred for laboratory confirmation, and the
reduction in antimalarial drug treatments prescribed to pa-
tients with negative blood smears. After training, the propor-
tion of patients suspected of having malaria referred for mi-
croscopy increased by approximately 50%, and the propor-
tion of patients with a negative blood smear prescribed
antimalarial drug therapy decreased by approximately 60%.
When the data from all 8 health facilities combined were
extrapolated, these improvements resulted in 8,151 fewer pre-
scriptions for antimalarial drug therapy among the 67,705 pa-
tients over the 120 days after training. The training program
did not have a significant impact on the proportion of patients
with positive blood smears who were prescribed antimalarial
drug therapy. However, the pre-training standard for this in-
dicator was already high, with more than 90% of patients with
a positive blood smear prescribed antimalarial drug therapy.
The training program was less successful in improving the
proportion of patients prescribed appropriate antimalarial
drug therapy and the diagnostic accuracy of field microscopy.
Prior to training the proportion of patients whose prescription
included an appropriate antimalarial drug regimen was 86%
in children < 5 years of age and 79% in those 5 years of age.
Most appropriate prescriptions were for the government’s
newly recommended first-line treatment, artemether-
lumefantrine (83%), and the remaining appropriate prescrip-
tions were for quinine, the government’s recommended sec-
ond-line treatment. These results were better than those in a
recent study from Zambia in which 27% of children weighing
FIGURE 3. Proportion of patients with a negative blood smear who were prescribed antimalarial treatment, stratified by site and age group.
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5–9 kg and 42% of children weighing  10 kg with uncom-
plicated malaria were treated with artemether-lumefantrine.
The Zambian study was conducted two years after the facili-
ties began the process of implementing this drug as the rec-
ommended first-line therapy.15 In our study, most patients
not given appropriate therapy were prescribed chloroquine
plus sulfadoxine-pyrimethamine (87%), the previous first-line
treatment of uncomplicated malaria in Uganda. Although
data were not collected systematically about case manage-
ment decisions, health workers reported that the primary rea-
son for not prescribing appropriate therapy was that supplies
of artemether-lumefantrine were depleted, which occurred
variably from site to site both before and after the training
period. For example, Aduku experienced a long period of
depletion of artemether-lumefantrine after the training,
which could explain the significant decrease in appropriate
antimalarial drug therapy at that site.
Failure to improve the diagnostic accuracy of field micro-
scopy after training was also felt to be caused by a combina-
tion of surprisingly good pre-training performance and limi-
tations extraneous to the training intervention. Our overall
sensitivity and specificity prior to training of 86% and 90%,
respectively, was considerably higher than reported accuracy
of field microscopy from other studies in Africa.4,25
There were several strengths and limitations in this study.
This study is among the first to use an independent facility-
based surveillance system to evaluate the effectiveness of a
training program on key indicators of malaria case manage-
ment. Surveillance data have the advantage of providing on-
going information about the quality of care and are likely to
be more representative of actual performance compared with
direct observation of provider-patient interactions. However,
our pre-test/post-test study design may have been biased be-
cause of a Hawthorne effect, whereby health worker perfor-
mance may have been improved by increased attention and
not by the training program itself. Our integrated training
approach was designed to involve all aspects of patient man-
agement, including diagnosis and treatment of non-malaria
illnesses. By using team-based training, we attempted to em-
phasize the importance of all staff members of the health care
FIGURE 4. Proportion of patients prescribed antimalarial treatment whose prescription included an appropriate regimen, stratified by site and
age group.
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facility working together. However, our six-day training pro-
gram with supervised follow-up visits was labor-intensive and
required considerable resources.
In summary, results of this study demonstrate that a rela-
tively brief integrated training program, with supportive fol-
low-up supervision, can achieve a significant impact on the
quality of malaria case management. Improved use of labo-
ratory confirmation of malaria cases and reduced prescription
of antimalarial drugs for patients with negative blood smears
are critical for rational use of antimalarial drugs and effective
patient care. For optimal impact, integrated training must be
accompanied by investment in other components of the
health care system, including adequate staffing and reliable
supplies of drugs and laboratory materials.
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